The substitution of lithium for copper in La 2 CuO 4 is formally equivalent to Sr doping on the La site as each donates one hole per dopant. In lightly doped samples Li and Sr doping have essentially indistinguishable effects on the magnetic properties and lattice structure [1, 2] . However in-plane substitutions for Cu and out-of-plane substitutions for La were found to be very different in the conductivity. Li +1 has ionic radius essentially the same as that of Cu +2 , and brings a hole with it into the plane. But the alloys La 2 Cu 1−x Li ix O 4 are never metallic nor superconducting so that this hole must be localized in contrast to the mobile holes introduced by out-of-plane substitutions. The solid solubility of Li is such that complete filling of the copper band ( at 50% Li) can be achieved.
At this composition the Li and Cu ions form an ordered superlattice [3] in which all Cu ions are surrounded by four in-plane Li +1 ions (1s 2 , closed shell electronic configuration), leading to isolated CuO 4 clusters. This compound was found to be a diamagnetic insulator. Calculation of the electronic structure of NaCuO 2 in Local (Spin) Density Approximation (L(S)DA) [8] showed that this compound can be described as a conventional insulator with a band gap arising from simple covalent effects (p − d hybridization). The unoccupied band has more oxygen character than copper thus confirming the conclusion from CI calculations that "doped" holes are situated predominantly on oxygen orbitals. The key structural element of the crystal structure of NaCuO 2 is the same as in layered cuprates Cu-O-Cu bonds at all and one can expect an even narrower pdσ-band than in NaCuO 2 .
We have performed LDA calculation for La 2 Cu 0.5 Li 0.5 O 4 using the linearized muffin-tin orbital method in an atomic-spheres approximation (LMTO-ASA) [9] . The results (Fig.1) show that, indeed, the ground state is a nonmagnetic insulator with a sizable gap value (≈ 1 eV), compared to the 0.3 eV value in NaCuO 2 [8] . The unoccupied band is again rather narrow and with a symmetry of Cu centered d For example the undoped cuprates experimentally are antiferromagnetic insulators while LDA gives a paramagnetic metallic ground state. The reason for this discrepancy is that while in LSDA the splitting between majority and minority spin states is driven only by the exchange interaction with a value of the Stoner parameter of ≈ 1 eV, the real driving force for the antiferromagnetic insulator solution must be the much larger direct Coulomb interaction parameter U ≈ 8e V. This contradiction was resolved in the so-called LDA+U method where orbital-spin polarization caused by the Coulomb interaction is directly taken into account [10, 11] .
The main idea of the LDA + U method is that LDA gives a good approximation for the average Coulomb energy of d-d interactions E av as a function of the total number of d-electrons N = mσ n mσ where n mσ is the occupancy of a particular d mσ -orbital:
But LDA does not properly describe the full Coulomb and exchange interactions between d-electrons in the same d-shell. So Anisimov et al. [10, 11] suggested to subtract E av from the LDA total energy functional and to add orbital-and spin-dependent contributions to obtain the exact (within a mean-field approximation) formula:
Taking the derivative w.r.t. n mσ gives the orbital-dependent one-electron potential:
J .
with U ef f = U − The question is what symmetry should the lowest energy excited states have? The band gap separates states which are both mainly oxygen but due to the hybridization with Cu3d orbitals the states have symmetry of x 2 − y 2 and 3z 2 − r 2 for the unoccupied and occupied bands respectively. The x 2 − y 2 band is higher in energy due to the Jahn-Tellerdistorted CuO 6 octahedra in La 2 Cu 0.5 Li 0.5 O 4 crystal structure: the length of the Cu-O bond in the ab-plane is 1.8Å but the distance to the apical oxygen is larger -2.4Å [3] . It follows that the lowest energy excitation will be from the (formally)
We have performed LDA+U method calculations for both singlet and triplet configurations. We find that a starting triplet configuration is not a stable solution but selfconsistently converges to the singlet solution. (The singlet solution of LDA+U method is practically the same as for pure LDA, because in the absence of the orbital-spin polarization the LDA+U correction to LDA is irrelevant.) However, if the copper-apical oxygen bond length is contracted by 16% (0.38Å), then a stable triplet solution appears and becomes the ground state. For 16% contraction the total energy of the magnetic solution is still 0.06 eV higher than the nonmagnetic one, however already for 17% contraction the triplet energy is 0.1 eV lower.
It is instructive to follow the changes, with copper-apical oxygen bond contraction, of the two bands below and above Fermi energy (Fig.2) . For the undistorted structure (Fig.2a) those bands (the lower one of d 3z 2 −r 2 symmetry and the higher one of d x 2 −y 2 ) are well separated from each other and the admixture of the d 3z 2 −r 2 -orbitals to the valence band is relatively small. With distortion the hybridization of the Cu3d 3z 2 −r 2 -orbitals with the apical oxygen 2p z orbitals becomes stronger and the antibonding band goes higher in energy and the admixture of the d 3z 2 −r 2 -orbitals in this band becomes stronger (Fig.2b) .
In order for the magnetic state to be stable, the splitting between spin-up and spindown bands must become large enough that the top of the spin-up d x 2 −y 2 band does not overlap with the bottom of spin-down d 3z 2 −r 2 band (in other words magnetic energy must overcome kinetic energy). The Fig.2c shows that for the critical value of the distortion (16%) this condition is nearly satisfied.
Similar effects were found in a supercell LDA+U calculation for a doped hole in La 2−x Sr x CuO 4 [13] . In that work two solutions were found for a hole introduced in the CuO 2 plane: one solution had the symmetry x 2 − y 2 with the hole spin antiparallel to the d-hole of Cu atom, while the other one had 3z 2 − r 2 symmetry and spin parallel to the Cu spin. The latter solution was present only for a contracted apical Cu-O distance (0.26Åcontraction). The total energy calculation in a full-potential scheme including the lattice relaxation showed that the total energy minima for these two solutions were very close in energy with the triplet state only 54 meV higher than the ground state singlet.
As the hopping between CuO 6 octahedra in La 2 Cu 0.5 Li 0.5 O 4 is smaller than in La 2 CuO 4 , one would expect more localized states in the former and, hence, a larger separation between the singlet ground state and excited triplet state. The value found in NQR measurements [4] 130 meV looks quite reasonable from this point of view.
We would like to emphasize that while the excited magnetic state is a triplet with S=1, the actual magnetic moment residing in Cu3d orbitals found in LDA+U calculation is very small: 0.8 µ B . That is due to the fact that the bands (or Wannier orbitals) of x 2 − y 2 and 3z 2 − r 2 symmetry have only 40% of Cu3d orbitals contribution, being mainly oxygen in origin as implied by the predominance of d 9 L many electron configurations in model CI calculations [7] .
In conclusion, we find that LDA correctly gives a band insulator ground state for 
